Objectives: To determine the patterns and possible explanations for gender differences in food choices, nutrient intakes and status indices, especially for micronutrients, in a representative sample of older people living in Britain, who participated in the National Diet and Nutrition Survey of people aged 65 y and over during 1994 ± 95. Design: The Survey procedures included a health-and-lifestyle interview, a four-day weighed diet record, anthropometric measurements and a fasting blood sample for biochemical indices. Setting: Eighty randomly-selected postcode sectors from mainland Britain. Subjects: Of 1556 older people not living in institutions who were interviewed, 80% agreed to provide a complete four-day diet record and 63% agreed to give a blood sample for status index measurements. Interventions: None. Main result: The most highly signi®cant gender differences in food choices were that women ate more butter, full-fat milk and certain beverages, cakes, apples, pears and bananas, whereas men ate more eggs, sugar, certain meat products and drank more alcoholic drinks, especially beer and lager. When adjusted for energy intakes, the younger women (65 ± 79 y) had higher intakes than the younger men, of fat, retinol, vitamin C and calcium. The older women (80 y) had higher intakes than older men, of fat and vitamin E, but lower intakes of protein, zinc and b-carotene. The younger women had better status indices than the younger men: for a-and b-carotenes, bcryptoxanthin and vitamin C. Women had higher plasma concentrations of cholesterol and HDL cholesterol, phosphate and copper, but lower indices of iron and vitamin D status, than men. These gender differences in status were not altered by inclusion of the corresponding nutrient intakes in the model. Conclusions: There are gender differences in food choices, in energy and nutrient intakes and in nutritional blood status indices in older British people, especially those aged 65 ± 79 y. Some of the status differences are attenuated in the age group of 80 y and older, whereas others are enhanced. The relationships between the quantity and type of foods or nutrients consumed, and nutrient status, are complex. With respect to suspected risk and protective factors for vascular disease, women aged 65 ± 79 y had signi®cantly better status for plasma a-and b-carotene, ascorbate, HDL-cholesterol and homocysteine; but, in contrast, they had lower blood haemoglobin concentrations and higher concentrations of total and non-HDL-cholesterol. Sponsorship: The British
Introduction
Gender differences in haematological and clinical chemistry status indices are well recognised in nutrition studies Blanchard, 1991a, b; Thurnham, 1995) . However, several questions remain unresolved: (a) which indices exhibit gender differences and which do not?; (b) which differences are of metabolic origin, and which are the result of differences in lifestyle, for example, dietary choices, smoking habits, other environmental factors?; and (c) which extend into old age, when the hormonal differences and disease-risk differences between the genders become attenuated?
The recent nationally representative National Diet and Nutrition Survey of people aged 65 y and over (Finch et al, 1998) offered scope for a detailed analysis of food preferences, nutrient intakes and status indices in relation to gender differences and to age.
Methods
The survey procedures have been described elsewhere (Finch et al, 1998) . Permission for the survey procedures was obtained from the NHS Local Research Ethics Committees associated with each postcode sector, and from the MRC Dunn Nutrition Unit's Ethics Committee. Participants aged 65 y and over were recruited during October 1994 to September 1995 by a random, strati®ed selection procedure from eighty randomly chosen postcode sectors. 63% of 1556 responding subjects who were living in the community (not in an institution) provided a blood sample (n 986). The majority of blood samples were taken after an overnight fast. The majority (96.6%) of participants who provided a blood sample also provided a complete four-day weighed food and drink record, which was used to calculate mean daily nutrient intakes and included any vitamin andaor mineral supplements. All participants provided health and lifestyle information, in a structured interview.
Subsamples of blood for haematology and the haematinic micronutrients (serum folate, serum vitamin B 12 and serum ferritin) were sent by ®rst-class post to Addenbrookes Hospital Clinical Haematology Laboratory, Cambridge for analysis. A subsample of heparinised plasma was sent for total homocysteine analysis to Dr MA Mansoor at the Central Hospital in Rogaland, Stavanger, Norway (Mansoor et al, 1992; Bates et al, 1997) . The remainder of the biochemical status assays were performed at MRC Human Nutrition Research, Cambridge. These included: plasma vitamin C in metaphosphoric acid-stabilised plasma extracts by a¯uorimetric assay on a centrifugal analyser (Vuilleumier & Keck, 1989) ; vitamins A, E and carotenoids, by an HPLC assay, based on ; 25-hydroxyvitamin D by a kit assay (Hollis et al, 1993) ; erythrocyte glutathione reductase activation coef®cient (EGRAC) (Vuilleumier et al, 1990) and clinical chemistry assays on a centrifugal analyser, as described in the survey report (Finch et al, 1998) .
Data analysis was performed by a Data Description Inc. Data Desk' computer programme, using a general linear (regression) model with each status index studied sequentially as the dependent variable, and gender (binary) followed by other adjustment covariates (discrete or continuous) as the independent variables. The adjustment covariates used were: age; social class of the person in whose name the house where the subject lived was owned or rented ( `head of household'), whether the participant was receiving state social security bene®ts in addition to the state pension (a proxy for low income); season (sampling occurred over four consecutive seasons); geographical region of mainland Britain (8 subdivisions); current smoking habit (number of cigarettesad) and self-reported health (5 categories). Intakes also, were included, and were natural-log-transformed to their geometric means, so that 100 times the absolute difference between the log e -means equals the percentage difference after back-transformation. The analyses of the status indices (Table 5) were carried out (a) before and after log-transformation; (b) before and after the exclusion of dietary supplement users; and (c) before and after inclusion, as covariate, of the corresponding daily nutrient intake (for example, vitamin C intake for plasma ascorbate). By correcting for all of these factors in Table 5 , intrinsic metabolic in¯uences, as distinct from dietary and environmental factors, became the primary determinants of the gender differences.
Results
The ratio of numbers of male to female participants in the 65 ± 79 y-old group was 1:0.70, while in the 80 y-old group it was 1:1.13. The younger group was the larger, which implies that for any given (percentage or z-score) difference in index values between the genders, the signi®cance P-value will be smaller, and therefore the differences were more signi®cant, for the younger than for the older group. Table 1 shows gender differences in food choices in several categories of food. Women had a preference for cakes, full-cream milk, yogurt, butter, apples and pears, bananas, and beverages other than tea and coffee. Men had a preference for eggs, certain meat products including sausages, sugar and alcoholic drinks especially beer and lager. Women had a signi®cantly higher intake of foods known to be vitamin C-rich, than men. Table 2 shows the gender differences in mean daily nutrient intakes, calculated in absolute amounts per day. Food use was based on a four-day diary (Finch et al, 1998) . People who did not eat any foods in the food category of interest scored zero; those who did eat those foods scored from 1 (lowest third of non-zero intakes) to 3 (highest third of non-zero intakes). This score was made the dependent (y) variable in an ANOVA model containing gender, age, social class of head of household, whether receiving State bene®ts, season, geographical region, current smoking status and self-reported health, as independent (x) variables. There were 988 participants who yielded information for this analysis (those who provided a complete four-day food diary). The signi®cance of the gender difference for each food group is reported above for those food groups where a signi®cant (P`0.05) gender difference was observed. The following food categories exhibited no signi®cant gender differences by this analysis: all other types of cereal products including bread, fruit, pies, puddings; all types of milk cheese and desserts other than those listed above; all types of margarine and cooking fats and oils; all types of meat other than those listed; all types of ®sh; vegetables and fruits other than those listed, and drinks other than those listed. Some foods which were used by only a few subjects did not exhibit a signi®cant gender difference despite large gender differences in the magnitudes of the estimates. a Vitamin and mineral dietary supplements were taken as tablets, syrups and oils including cod liver oil and evening primrose oil-type products, or drops. b`V itamin C-rich' foods were deemed to include: salads, leafy green vegetables including tomatoes and vegetable dishes; apples, peas, bananas, citrus and soft fruit; fruit juice drinks and soft drinks. When the same dataset was analysed, by logistic regression, scoring all users as 1 and non-users as zero, there was a signi®cant preference by women for cottage cheese, yogurt, butter, apples and pears, and by men for eggs, sausages, meat pies and other meat products, cooked carrots, fried and roast potatoes, nuts, fruit pies, milk pudding, cream, beer and lager, spirits and sugar.
c P is the signi®cance of the gender difference, as measured by the Scheffe test after ANOVA.
Gender differences in intakes and status CJ Bates et al
Clearly these differences are dominated by the highly signi®cant gender difference in food energy intakes, which in turn re¯ects the gender differences in body size (Table 4 ). In addition, many of the standard deviations in Table 2 were large, and there was evidence of skewed distributions, especially for the micronutrients. For these reasons, a modi®cation of this analysis was undertaken, in which the nutrient intakes were adjusted for energy intakes, and were log-transformed to reduce or eliminate the skewness. Food use was based on a four-day diary, and was converted to daily nutrient intakes for each individual, from food tables (Finch et al, 1998) . Daily intakes of each nutrient were made the dependent (y) variable in an ANOVA model containing gender, age, social class of head of household, whether receiving State bene®ts, season, geographical region, current smoking status and self-reported health, all as the independent (x) variables. The table reports the mean adjusted value for each gender in each of two age groups, together with the signi®cance (P) of the gender difference for each age group. The selection of nutrients for inclusion was based on the choice of biochemical status indices (Tables 4 and 5 ), which in turn was based on the availability of status indicators and the occurrence of gender differences in them.
a P is the signi®cance of the gender difference by the Scheffe test after ANOVA. The statistical model was the same as that of Table 2 , except that each nutrient intake has been converted to the natural logarithm, and energy intake has been included in the model, in addition to the covariates listed in the legend to Table 2 . Instead of listing the geometric mean values of each nutrient for each gender, the percentage difference, based on the geometric means (1006absolute difference) between the two genders is given, together with the signi®cance (P) of this gender difference. For those differences where men had a greater geometric mean value than women, the difference is shown as positive, and vice versa.
Gender differences in intakes and status CJ Bates et al Table 3 shows the percentage differences between the genders, in nutrient intakes, obtained by logarithmic transformation, and with an adjustment (by covariance) for energy intakes. The food choice differences observed in Table 1 are re¯ected here in the signi®cantly higher intakes of fat, vitamin C, retinol and calcium which were found in the younger women. In the older subjects, the micronutrient intake comparisons had a somewhat different gender pattern, with relatively high intakes of vitamin E, but relatively low intakes of protein, b-carotene and zinc by the women compared with the men. Table 4 shows the gender differences in anthropometric indices and some health-related indices. Whereas weight, height, and the related indices (demispan, waist circumference) exhibited highly signi®cant gender differences, body mass index and mid upper-arm circumference (measures of fatness) did not. Systolic blood pressure was higher in women in both age groups, but diastolic blood pressure was higher in men (in the younger group only). Prothrombin time was shorter at all ages in women; they had lower values of the indices of impaired renal function (plasma creatinine and urea), and they had lower values of gammaglutamyl transferase in the younger subgroup. Most of these gender differences were essentially unchanged after log-transformation (not shown), except for a 1 -antichymotrypsin which was then signi®cantly greater in women than men in the younger group (P 0.002) Table 5 shows that the following micronutrient status indices exhibited unequivocal gender difference (P`0.01) for one or both age groups: a-carotene; b-carotene; bcryptoxanthin; a-tocopherol; plasma ascorbate; serum ferritin; TIBC; iron % saturation; plasma copper; plasma phosphate. The gender difference was attenuated in the older group for plasma ascorbate, a-tocopherol, the carotenes and plasma copper. For a-tocopherol, the gender difference was entirely eliminated when the a-tocopherol: cholesterol ratio was used; therefore the gender difference for this index is presumably a secondary consequence of the gender difference in blood lipids. Since some of the status indices had skewed distributions, the gender differences after log-transformation were investigated. The effect of omitting dietary supplement users was also tested, because some supplements contain relatively large amounts of certain micronutrients, in comparison with the amounts obtained from food sources. Women were signi®cantly more likely to use non-prescribed dietary supplements than men, and this was especially true of the use of calcium supplements (used by 6% of the younger women and by 3% of the older women, compared with only 1% of the men).
As indicated in the legend to Table 5 , the use of logtransformed indices and the omission of dietary supplement users resulted in some alterations in the signi®cance of the gender differences, especially for indices of iron status; but it did not greatly alter the overall picture, or the most highly-signi®cant gender differences in Table 5 . Risk factors for vascular disease indicated greater risk for men in terms of higher levels of homocysteine, kidney function indices and diastolic blood pressure, and lower levels of HDL-cholesterol and several antioxidant nutrients, but greater risk for women in terms of systolic blood pressure, total and non-HDL-cholesterol and fasting triglycerides. The gender difference in plasma homocysteine was seen in the younger age group only; however the gender differences in fasting triglycerides and in non-HDL-cholesterol became more pronounced in the older age group than the younger, as shown by a signi®cant age6gender interaction for these indices (legend to Table 5 ). The gender difference in blood haemoglobin also became more pronounced with increasing age, whereas the gender differences in other status indices became less signi®cant in the older group.
The following indices exhibited no signi®cant gender differences (P b 0.05): plasma lutein zeaxanthin; The numbers varied with each index because anthropometry was not feasible for some frail older participants, and because not all participants were willing to provide a blood sample, and in some cases a suf®cient volume for all the tests was not obtained. b P is the signi®cance of the gender difference, by the Scheffe test after ANOVA.
c If the calculation was con®ned to those who were not taking blood pressure-lowering drugs, the numbers of subjects decreased to 411 in the younger and 174 in the older group, and the gender difference lost signi®cance for diastolic blood pressure in the younger group (P 0.41), but retained signi®cance for the other two blood pressure comparisons where gender differences are recorded above; therefore the gender differences in blood pressure are not solely a re¯ection of differential use of blood pressure-lowering drugs between the genders.
Gender differences in intakes and status CJ Bates et al retinol; serum and red cell folate; serum vitamin B 12 ; EGRAC; plasma zinc and calcium. For the indices (and nutrient intakes) where signi®cant gender differences were observed, the coef®cients of variation were similar for both genders (not shown), so it seems unlikely that gender differences occurred only at the extremes of the distributions. The inclusion or exclusion of the adjustment covariates made only minor differences to the picture shown in Table 5 ; therefore the conclusions about gender differences in status appear to be robust. Likewise, the inclusion in Table 5 of the anthropometric indices (Table 4) as adjustment covariates had little effect (not shown). For the micronutrient status indices (Table 5) , it made little difference whether or not the corresponding nutrient intakes were, or were not, included in the model (not shown).
Discussion
The observed gender differences in food preferences (Table  1) were consistent with those intuitively expected: women ate more fruit and vegetables, cakes, and certain fatty foods and had a higher intake of fat as a percentage of energy, while men drank more beer and spirits and preferred foods (such as eggs, sausages etc) which are easily cooked or purchased in cafes etc. Consumption of bread did not differ between the sexes. The energy-adjusted gender differences in food intakes (Table 3) were somewhat different between the younger and the older age groups, suggesting either that very old people become more dependent on others for food provision, or that the physiological differences between the genders which determine food preferences become modi®ed in old age. Although salt intakes (by 24 h urinary excretion rates) were not measured in this survey, no gender difference in the sodium:creatinine ratio in spot urine samples could be detected (not shown); however a previous survey of British adults aged 16 ± 64 y (Gregory et al, 1990) provided evidence that sodium intakes were ca. 30% greater in men than in women.
The anthropometric differences between the genders (Table 4) were for the most part predictable, although neither body mass index nor mid-upper arm circumference exhibited a gender difference in either age group. Of the P is the signi®cance of the gender difference by the Scheffe test after ANOVA. For the following indices there was a signi®cant gender6age interaction term: plasma retinol, copper, phosphate, non-HDL cholesterol, triglycerides and blood haemoglobin. If users of any non-prescribed dietary supplements (about 20% of all the subjects who provided the blood measurements) were omitted from these calculations and if the indices were all log-transformed, the signi®cant gender differences shown in this table remained signi®cant with the exception of serum vitamin B 12 in the younger age group and plasma copper, serum ferritin, plasma iron, TIBC, Fe% saturation and blood haemoglobin in the older age group. The following gender differences, which were not signi®cant in this table, became signi®cant in the younger age group only: serum folate and TIBC. The gender6age interaction term became nonsigni®cant for plasma retinol, but remained signi®cant for plasma copper, phosphorus, non-HDL cholesterol, triglycerides and blood haemoglobin. Abbreviations: EGRAC: erythrocyte glutathione reductase activation coef®cient (for ribo¯avin status); TIBC: total iron binding capacity; Fe% saturation: plasma iron as a percentage of TIBC.
Gender differences in intakes and status CJ Bates et al health-related indices, most favoured the women (with respect to vascular disease risk), with the exception of total and non-HDL-cholesterol, and systolic blood pressure. Total cholesterol and systolic blood pressure may not be a good predictor of vascular disease risk in older people (Department of Health, 1994) because increasing frailty is accompanied by a fall in total cholesterol and in blood pressure. However the gender differences in vascular disease prevalence also become attenuated with increasing age. The higher plasma concentrations of gamma glutamyl transferase, creatinine, urea, and homocysteine in men than in women also imply a higher risk of certain degenerative diseases in men, including renal and cardiovascular diseases. Prothrombin time was slightly longer in men than in women; this represents one of many clotting factors which can in¯uence haemostasis and atherogenesis.
None of the gender differences in micronutrient status indices could be attributed solely to differences in diet, because adjustments for nutrient intakes did not eliminate them. Likewise, they could not be attributed to other lifestyle factors, such as smoking or alcohol use, which are known to differ between the genders, and to affect status. Status indices for some of the`antioxidant' nutrients, namely for vitamin C (plasma ascorbate), and some, but not all, of the plasma carotenoids, exhibited higher concentrations in the blood of women than of men. Copper, which can act either as pro-or anti-oxidant, was higher in the women, especially in the younger age group.
Previous studies have noted signi®cant gender differences in plasma ascorbate concentrations (Blanchard, 1991a, b; Dodds, 1969; Itoh et al, 1989; Garry et al, 1982 ) which therefore appears to be a consistent observation across age groups and different populations, although the mechanism has proved elusive (Blanchard, 1991a, b) . Studies by of younger British adults yielded a picture for gender differences in plasma carotenoids very similar to that of the present study, namely that the provitamin A carotenoids: a and b-carotene and bcryptoxanthin exhibited a signi®cant gender difference, whereas the non-provitamin A carotenoids: lycopene and lutein did not.
Conclusions
Further work is needed to explain the mechanism of the gender differences in status indices and to relate these mechanisms to known gender differences in disease risk and longevity. Nevertheless, this present study has de®ned which status indices are gender-sensitive, and which are not, in older people, and therefore should assist with the de®nition of reference ranges of these indices and with the interpretation of inter-group comparisons.
In public health terms it is important to know whether by modifying food choices, the status of older men might come to resemble more closely the more favourable status of older women, some of whose nutrient intakes and status indices are compatible with a reduced risk of vascular disease. This present study has given limited support to this hypothesis, although it also suggests that there are a number of fundamental metabolic differences between older men and women, some of which are attenuated in extreme old age whereas others are maintained or even increased.
